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Abstract

Aim

Disease-associated healthcare expenditures are generally calculated using matched com-

parisons or regression-based analyses, but little is known about their differences in esti-

mates. This aim of this study was to compare the differences between disease-associated

healthcare expenditures estimated using these 2 methods.

Methods

In this retrospective cohort study, a matched comparison was first conducted by matching

cases with controls using sex, age, and comorbidities to estimate disease-associated

expenditures. The cases were then used in a fixed-effects analysis that compared expendi-

tures before and after disease occurrence. The subjects were adults (�20 years) with pri-

mary hepatocellular carcinoma (HCC) who underwent treatment (including surgical

resection, locoregional therapy, transcatheter arterial chemoembolization, and transarterial

embolization) at a Japanese hospital between April 2010 and March 2018. We calculated

the total healthcare expenditures per patient per month according to treatment and disease

phase (initial, continuing, and terminal).

Results

There were 14,923 cases in the initial/continuing phases and 15,968 cases in the terminal

phase. In the initial/continuing phases, 3,552 patients underwent surgical resection only,

with HCC-associated expenditures of $5,555 according to the matched comparison and

$5,889 according to the fixed-effects analysis (proportional difference: 94.3%). The initial

phase expenditures were approximately 9% higher in the fixed-effects analysis, whereas

the continuing phase expenditures were approximately 7% higher in the matched compari-

son. The expenditures in the terminal phase were 93.1% higher in the fixed-effects analysis.
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Conclusions

The 2 methods produced similar estimates of HCC-associated healthcare expenditures in

the initial/continuing phases. However, terminal phase expenditures were substantially dif-

ferent between the methods.

Introduction

Hepatocellular carcinoma (HCC) is the sixth-most prevalent cancer and the second-most

common cause of cancer death worldwide. The incidence of HCC continues to increase in

numerous countries [1–4], and HCC-related mortality is rising in the US [5]. Similar epidemi-

ological trends have also been observed in Japan [6].

Increases in HCC incidence manifest as corresponding increases in healthcare expendi-

tures. In order to anticipate the future economic cost of this disease relative to non-HCC

patients from the public insurer’s perspective, policymakers must have access to accurate esti-

mates of the expenditures incurred during HCC treatment. For example, cost-effectiveness

analyses of new technologies to reduce HCC incidence (e.g., direct-acting antiviral therapy for

hepatitis C virus [HCV] infections) [7–11] and surveillance programs to allow early detection

of HCC [12–17] are important parameters of such expenditures.

Over the past decade, studies from various countries have produced estimates of HCC-asso-

ciated healthcare expenditures [4,18–24]. However, the majority of these estimates are based

on observational studies, and may therefore be influenced by the statistical estimation method

used. Many such estimates are derived from matched comparisons of HCC and non-HCC

patients [4,18–20,23–28], and few studies have employed regression-based approaches to com-

pare the expenditures in HCC patients before and after disease occurrence [24,29,30]. Matched

comparisons are unable to account for variations in patient characteristics that are not speci-

fied in the matching criteria. In contrast, analytical approaches in which individual patients act

as their own controls can adjust for inherent patient characteristics, but are unable to account

for time-dependent changes in the severity of comorbidities after disease occurrence. Both

approaches therefore have inherent benefits and limitations. However, the magnitude of dif-

ferences in the estimates of HCC-associated healthcare expenditures between these approaches

has yet to be examined.

In this study, we used an insurance claims database that encompassed almost all HCC cases

in Japan to estimate the HCC-associated healthcare expenditures through (1) a matched com-

parison of HCC and non-HCC patients and (2) a fixed-effects analysis of HCC patients. The

expenditures were estimated and compared according to treatment type and disease phase.

Methods

Data

This study was conducted using the National Database of Health Insurance Claims and Spe-

cific Health Checkups of Japan (NDB), which compiles and stores nationwide insurance

claims data for all medical goods and services provided under the national health insurance

system. Anonymized claims data from April 2010 to March 2018 were extracted for analysis.

Previous studies on HCC-associated expenditures have generally used population-based data,

such as Surveillance, Epidemiology, and End Results (SEER)-Medicare linked data, Nation-

wide Inpatient Sample data, and Ontario Cancer Registry-linked administrative data [4,18–

20,22]. In contrast, the NDB provides a near-comprehensive database that covers almost all
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residents in Japan. The NDB includes information on basic patient characteristics, medical ser-

vices, prescribed drugs, medical devices, recorded diagnoses, and expenditures. However, it

lacks clinical information such as laboratory results and cancer staging. As the NDB continues

to collect data on insurance-covered healthcare provided to patients at all medical facilities in

Japan, the use of healthcare in patients can be tracked over time and across providers.

This study was approved by the Kyushu University Institutional Review Board for Clinical

Research (Approval Number 30–149). Because all patient records were de-identified prior to

analysis, the review board waived the requirement for informed consent. All data were fully

anonymized by the NDB before receipt by the authors. Data from April 2010 to March 2018

were accessed.

Case patients

The subjects were adult patients (aged�20 years) who developed primary HCC during the

study period. We identified patients with no recorded diagnosis of any cancer (including

HCC) for at least one year before the index HCC diagnosis (i.e., the first recorded diagnosis of

HCC between April 2010 and March 2018). This allowed us to exclude cases in which HCC

was due to metastasis from other sites, and focus on primary HCC patients.

Healthcare expenditure measurements

The outcome measure was HCC-associated healthcare expenditure per patient per month

(PPPM) from the perspective of the public insurer (i.e., the payer). The NDB provides monthly

claims data from each healthcare provider. Healthcare expenditures include HCC-associated

expenditures (i.e., fees for consultations, hospitalizations, laboratory tests, prescriptions, medi-

cal device use, and surgeries for HCC diagnosis and treatment) and unrelated expenditures,

and were estimated according to treatment type and disease phase. The treatments for HCC

were: (1) surgical resection; (2) locoregional therapy (LRT), including percutaneous ethanol

injection, percutaneous microwave coagulation therapy, and radiofrequency ablation; (3)

transcatheter arterial chemoembolization (TACE); (4) transarterial embolization (TAE); (5)

molecular targeted therapy (sorafenib); (6) systemic chemotherapy; and (7) radiotherapy. We

also examined common combinations of these treatments.

Disease phases were categorized into the initial phase, continuing phase, and terminal

phase [19]. Fig 1 shows the classification criteria for these phases. The initial phase was a

3-month period consisting of the index month (when primary HCC was first diagnosed), the

preceding month, and the following month. The continuing phase comprised the period

beginning 2 months after the index month until 7 months before death. The terminal phase

comprised the 6 months before death. However, if a patient died during the index month, the

initial phase included only the month preceding the index month, and the terminal phase

included only the index month; there was no continuing phase for these patients. If death

occurred within 7 months of the index month, the initial phase remained the same, but the ter-

minal phase was set as 2 months after the index month until 6 months (or less) before death;

there was no continuing phase for these patients.

Recurrent HCC was identified as a new diagnosis of HCC after a patient experienced 7

months or more without any anticancer therapy after the initial treatment. As these recurrent

cases would have undue influence on expenditure estimates, they were excluded from analysis.

Statistical analysis

Healthcare expenditures include both HCC-associated expenditures and unrelated expendi-

tures. Accordingly, the unrelated expenditures must be excluded to quantify the expenditures
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associated with HCC treatment. To do so, we employed 2 statistical approaches: a matched

comparison and a fixed-effects analysis. The HCC cases used in the matched comparison were

also used as subjects in the fixed-effects analysis. The overall study design is illustrated in Fig 2.

In order to compare the differences in estimates from the matched comparison and fixed-

effects models, we calculated the proportional differences and absolute differences between the

Fig 1. Definitions of the initial, continuing, and terminal phases. (A) Standard pattern, (B) Exception 1: Death during the index month, (C) Exception 2: Death 1

month after the index month, (D) Exception 3: Death 5 months after the index month.

https://doi.org/10.1371/journal.pone.0237316.g001

Fig 2. Study design. aUsing estimates from the initial and continuing phases. bUsing estimates from the terminal phase. Abbreviations: LRT, locoregional therapy;

NDB, National Database of Health Insurance Claims and Specific Health Checkups of Japan; TACE, transcatheter arterial chemoembolization; TAE, transarterial

embolization.

https://doi.org/10.1371/journal.pone.0237316.g002
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2 approaches using the following formulae:

Proportional difference ¼ 1 �
Matched comparison estimates
Fixed effects analysis estimates

Absolute difference ¼ Fixed effects analysis estimates � Matched comparison estimates

In order to account for the influence of periodic revisions to the reimbursement system, the

revision rates from each year of study (relative to 2018) were applied (1.019 for 2010–2011,

1.004 for 2012–2013, 1.1001 for 2014–2015, and 0.9916 for 2016–2017). The 2017 purchasing

power parity rate ($1.00 = 102.5 yen) was used to convert Japanese yen to US dollars. All statis-

tical analyses were performed using Stata 15.1 (Stata Corp., College Station, Texas, USA).

Matched comparison. For this method, HCC patients were matched based on a specified

set of patient characteristics with non-HCC patients randomly extracted from the NDB. Simi-

lar to the approach used in Thein et al. [19], we assigned separate cohorts to estimate expendi-

tures in the initial and continuing phases (designated the incident cohort) and the terminal

phase (designated the death cohort).

The matching variables for the incident cohort were age (5-year intervals), sex (male or

female), and 15 conditions (yes or no) from the Charlson comorbidity index (CCI) excluding

tumors and metastatic solid tumors. For each case patient, we identified all candidate control

patients who received outpatient or inpatient care at a medical facility during the same index

month, had identical matching variables, and had no history of HCC. One control was ran-

domly selected from among these candidates for each case, and each identified control was

removed from the pool of candidate controls for other cases. If a control could not be found

using this method, the matching period was expanded to include patients who received care

during the month closest to the index month (up to a maximum of one year) of the case. For

the death cohort, we matched each case with a randomly selected control who had died during

the same month, had identical matching variables, and had no history of HCC.

We included only HCC cases for whom an eligible non-HCC control could be identified

using these criteria, and conducted a paired comparison analysis of expenditures. The differ-

ences in healthcare expenditure PPPM between the case and control groups were calculated.

Fixed-effects analysis. The second method involved the use of fixed-effects models where

individual patients acted as their own controls. In each patient, the month in which HCC treat-

ment began was designated the case month, and the preceding month was designated the con-

trol month. The dependent variable was healthcare expenditure PPPM. Time-dependent

factors (age and CCI) were included as covariates, and time-invariant patient characteristics

(including sex) were included as fixed effects. In the matched comparison described above, we

used different patients for the initial and continuing phases (incident cohort) and the terminal

phase (death cohort). To enable direct comparisons between the estimation methods, we also

developed separate fixed-effects models for the incident and death cohorts. In this study, each

patient’s study period was divided into the initial phase (beginning from the index month),

continuing phase, and terminal phase (ending in the month of death). During these phases,

months in which a patient had no healthcare utilization were still included in analysis as HCC

treatment months despite not having any HCC-associated expenditures.

Results

We identified 25,871 patients in the incident cohort and 23,967 patients in the death cohort

who had new diagnoses of primary HCC, had undergone any of the specified treatments, and

had no recurrent HCC between April 2010 and March 2018. Among these, 14,923 cases in the

PLOS ONE Healthcare expenditures of patients with HCC

PLOS ONE | https://doi.org/10.1371/journal.pone.0237316 August 13, 2020 5 / 13

https://doi.org/10.1371/journal.pone.0237316


incident cohort and 15,968 cases in the death cohort could be matched with a corresponding

control (Table 1). When compared with the unmatched cases, the matched cases in the inci-

dent cohort were older (71.8 years vs. 68.1 years, P< 0.001), had a higher proportion of

women (34.9% vs. 28.4%, P< 0.001), and had a higher CCI score (6.4 vs. 4.8, P< 0.001). The

matched cases in the death cohort were older (74.2 years vs. 72.2 years, P< 0.001), but had a

lower proportion of women (30.1% vs. 33.2%, P< 0.001) and a lower CCI score (6.8 vs. 8.8,

P< 0.001) than the unmatched cases. As the controls were selected based on having the same

patient characteristics as the cases, the characteristics of the control group were identical to

those of the matched cases group. Table 2 summarizes the distribution of patient numbers

(according to disease phase) and characteristics among the treatment types. The most com-

mon type of treatment was surgical resection only (23.8% of all cases), followed by TACE only

(15.2%) and LRT only (13.7%).

Table 3 shows the results of the matched comparison of HCC cases and non-HCC controls.

We estimated the mean net healthcare expenditure PPPM of the cases by subtracting the dif-

ference with the expenditure of the controls according to treatment type and disease phase.

Surgical resection was a component of the most expensive treatment type (surgical resection

+ others) during the initial phase, and the healthcare expenditures associated with surgical

resection only were estimated to be $5,555 during this phase. In contrast, TACE was a compo-

nent of the most expensive treatment type (TACE + chemotherapy + sorafenib) during the

continuing phase, and the healthcare expenditures associated with TACE only were estimated

to be $498 during this phase. In the terminal phase, treatments that included surgical resection

tended to be more expensive than the other treatments; the healthcare expenditures associated

with surgical resection only were estimated to be $1,484 during this phase.

Table 1. Characteristics of matched and unmatched hepatocellular carcinoma patients in the incident and death cohorts.

Incident Cohort Death Cohort

Unmatched Cases

(n = 10,948)

Matched Cases

(n = 14,923)

P Unmatched Cases

(n = 7,999)

Matched Cases

(n = 15,968)

P

Age, mean [SD] 68.1 [10.9] 71.8 [10.6] <0.001 72.2 [11.1] 74.2 [9.6] <0.001

Female 3102 (28.4%) 5201 (34.9%) 0.000 2653 (33.2%) 4804 (30.1%) <0.001

CCI score, mean [SD] 4.8 [1.8] 6.4 [2.4] <0.001 8.8 [2.1] 6.8 [2.3] <0.001

Myocardial infarction, n (%) 182 (1.7%) 1050 (7.0%) <0.001 723 (9.0%) 318 (2.0%) <0.001

Congestive heart failure, n (%) 1514 (13.8%) 4690 (31.4%) <0.001 3176 (39.7%) 4419 (27.7%) <0.001

Peripheral vascular disease, n (%) 919 (8.4%) 2984 (20.0%) <0.001 1672 (20.9%) 962 (6.0%) <0.001

Cerebrovascular disease, n (%) 1465 (13.4%) 3987 (26.7%) <0.001 2514 (31.4%) 2857 (17.9%) <0.001

Dementia, n (%) 149 (1.4%) 1204 (8.1%) <0.001 1009 (12.6%) 1201 (7.5%) <0.001

Chronic obstructive pulmonary

disease, n (%)

1846 (16.9%) 3835 (25.7%) <0.001 2658 (33.2%) 3571 (22.4%) <0.001

Rheumatic disease, n (%) 206 (1.9%) 836 (5.6%) <0.001 545 (6.8%) 149 (0.9%) <0.001

Peptic ulcer, n (%) 4759 (43.5%) 7074 (47.4%) <0.001 4553 (56.9%) 8134 (50.9%) <0.001

Mild liver disease, n (%) 9752 (89.1%) 13111 (87.9%) 0.003 7585 (94.8%) 14434 (90.4%) <0.001

Diabetes, n (%) 2366 (21.6%) 5555 (37.2%) <0.001 3056 (38.2%) 2238 (14.0%) <0.001

Diabetes with complications, n (%) 1197 (10.9%) 3449 (23.1%) <0.001 2193 (27.4%) 803 (5.0%) <0.001

Paraplegia and hemiplegia, n (%) 61 (0.6%) 351 (2.4%) <0.001 351 (4.4%) 85 (0.5%) <0.001

Renal disease, n (%) 301 (2.8%) 1917 (12.9%) <0.001 1938 (24.2%) 1329 (8.3%) <0.001

Moderate/severe liver disease, n (%) 1334 (12.2%) 4569 (30.6%) <0.001 6359 (79.5%) 8346 (52.3%) <0.001

Acquired immune deficiency

syndrome, n (%)

13 (0.1%) 21 (0.1%) 0.630 15 (0.2%) n.r. <0.001

CCI, Charlson comorbidity index; n.r., Not reportable in accordance with the data dissemination standards of the NDB (Cells with <9 cases cannot be reported).

https://doi.org/10.1371/journal.pone.0237316.t001
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Using the HCC case patients from the matched comparison, we compared the mean net

healthcare expenditure PPPM before and after HCC onset estimated by the fixed-effects models

(Table 4). The most expensive treatments in the initial and terminal phases included surgical

resection. The healthcare expenditures associated with surgical resection only were estimated to

be $5,889 and $4,744 in the initial phase and terminal phase, respectively. In contrast, the most

expensive treatment in the continuing phase included TACE, and the healthcare expenditures

associated with TACE + chemotherapy were estimated to be $1,113 during this phase.

Table 5 shows the comparison of estimates between the matched comparison and fixed-

effects analysis. The results are presented as the proportional and absolute differences between

the mean net healthcare expenditure estimates of the matched comparison and the estimates

of the fixed-effects analysis. Between the 2 approaches, there were relatively small proportional

differences in total expenditures for the initial (91.0%) and continuing phases (107.0%). How-

ever, the differences in treatment-level expenditures varied widely for the continuing phase. In

general, the initial phase estimates tended to be higher in the fixed-effects analysis, whereas the

continuing phase estimates tended to be higher in the matched comparison. The estimates for

surgical resection only, TACE only, and TAE only from the matched comparison were sub-

stantially (81.8–379.1%) higher than the corresponding estimates from the fixed-effects analy-

sis. When examining the absolute differences in expenditures, the estimates from the matched

comparison for surgical resection only, TACE only, and TAE only were $66, $224, and $77

higher than the fixed-effects analysis. However, the estimates in the terminal phase varied

widely between the analytical approaches, and the fixed-effects analysis produced a total esti-

mate that was 93.1% (proportional difference) and $2,818 (absolute difference) higher than the

matched comparison. The estimates were generally higher in the fixed-effects analysis across

the treatment types.

Table 2. Distribution of hepatocellular carcinoma patient numbers and characteristics among the treatment types.

Disease Phase Female Age† CCI†

Treatment Type Initial Continuing Terminal

Surgical resection only 3552 (23.8%) 3328 (24.4%) 724 (4.5%) 1,050 (29.6%) 68.9 [9.8] 5.6 [2.1]

Surgical resection + LRT 49 (0.3%) 47 (0.3%) 12 (0.1%) 12 (24.5%) 70.5 [10.7] 6.1 [2.5]

Surgical resection + TACE/TAE 208 (1.4%) 202 (1.5%) 88 (0.6%) 51 (24.5%) 70.4 [9.6] 5.8 [2.1]

Surgical resection + others 511 (3.4%) 487 (3.6%) 478 (3.0%) 147 (28.8%) 68.8 [9.5] 6.0 [2.2]

LRT only 2044 (13.7%) 1895 (13.9%) 652 (4.1%) 891 (43.6%) 71.7 [10.7] 6.6 [2.4]

LRT+TACE/TAE 720 (4.8%) 688 (5.0%) 250 (1.6%) 278 (38.6%) 71.2 [10.0] 6.5 [2.3]

LRT + chemotherapy 240 (1.6%) 226 (1.7%) 221 (1.4%) 112 (46.7%) 71.4 [9.8] 6.9 [2.5]

LRT + others 142 (1.0%) 132 (1.0%) 215 (1.3%) 47 (33.1%) 71.8 [10.5] 6.6 [2.5]

TACE only 2264 (15.2%) 1932 (14.2%) 1960 (12.3%) 796 (35.2%) 74.9 [10.2] 6.8 [2.3]

TACE + chemotherapy 248 (1.7%) 235 (1.7%) 421 (2.6%) 86 (34.7%) 72.2 [10.7] 6.6 [2.4]

TACE + chemotherapy + sorafenib 90 (0.6%) 86 (0.6%) 169 (1.1%) 19 (21.1%) 68.3 [10.2] 6.0 [2.5]

TAE only 78 (0.5%) 61 (0.4%) 290 (1.8%) 25 (32.1%) 80.5 [11.8] 6.3 [2.6]

TAE + chemotherapy 36 (0.2%) 32 (0.2%) 137 (0.9%) n.r. 72.7 [10.9] 6.2 [2.3]

Sorafenib only 191 (1.3%) 157 (1.2%) 797 (5.0%) 49 (25.7%) 71.7 [10.4] 6.3 [2.4]

Sorafenib + chemotherapy 274 (1.8%) 237 (1.7%) 812 (5.1%) 56 (20.4%) 69.5 [10.5] 6.0 [2.2]

Others 4276 (28.7%) 3893 (28.5%) 8742 (54.7%) 1,574 (36.8%) 73.1 [10.7] 6.8 [2.4]

Total 14,923 13,638 15,968 5,201 (34.9%) 71.8 [10.6] 6.4 [2.4]

† Values were obtained from the initial phase.

SD, standard deviation; CCI, Charlson comorbidity index; LRT, locoregional therapy; TACE, transcatheter arterial chemoembolization; TAE, transarterial embolization;

n.r., Not reportable in accordance with the data dissemination standards of the NDB (Cells with <9 cases cannot be reported).

https://doi.org/10.1371/journal.pone.0237316.t002
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Discussion

In an analysis of almost all primary HCC cases in Japan over 9 years, we compared the esti-

mates of HCC-associated healthcare expenditures using 2 different statistical approaches. The

key findings are as follows: when comparing the estimates produced by the commonly used

matched comparison approach and the regression-based fixed-effects analysis, we found no

considerable differences in the initial and continuing phase estimates. However, there were

substantial differences in the terminal phase estimates between the methods. To the best of our

knowledge, this is the first study that uses the same HCC patients to quantify the differences in

estimates between these analytical approaches. Our study also found that healthcare expendi-

tures varied widely among the different treatments.

These findings can contribute to our understanding of the types of databases that should be

used in the estimation of healthcare expenditures. The matched comparison and fixed-effects

Table 3. Mean net healthcare expenditures associated with hepatocellular carcinoma estimated using the matched comparison.

Treatment Type Matched Cases Matched Controls Net Expenditure

Initial Continuing Terminal Initial Continuing Terminal Initial Continuing Terminal

Surgical resection only 7136 (6996–

7277)

971 (956–986) 5918 (5643–

6193)

1581 (1516–

1646)

888 (873–903) 4434 (4258–

4610)

5555 (5404–

5706)

83 (62–104) 1484 (1163–

1805)

Surgical resection + LRT 6448 (5328–

7568)

1429 (1241–

1616)

1951 (1388–

2514)

1708 (1140–

2276)

1098 (965–

1231)

2775 (1949–

3601)

4740 (3511–

5969)

330 (117–544) 3570 (1805–

5335)

Surgical resection

+ TACE/TAE

6881 (6330–

7432)

1626 (1517–

1734)

5510 (4839–

6182)

1630 (1366–

1894)

840 (770–911) 4063 (3604–

4523)

5251 (4646–

5855)

785 (657–913) 1447 (639–

2254)

Surgical resection

+ others

7842 (7429–

8255)

1460 (1410–

1510)

5974 (5671–

6278)

1660 (1475–

1846)

831 (797–866) 4169 (3962–

4375)

6182 (5740–

6623)

629 (570–688) 1806 (1441–

2171)

LRT only 2999 (2920–

3078)

1349 (1317–

1380)

3514 (3387–

3641)

1669 (1582–

1755)

941 (918–965) 3962 (3811–

4113)

1330 (1216–

1445)

407 (368–446) -448 (-636—

260)

LRT+TACE/TAE 4338 (4164–

4511)

1542 (1484–

1600)

3531 (3333–

3729)

1619 (1472–

1766)

948 (907–988) 3778 (3542–

4014)

2719 (2496–

2942)

594 (525–664) -247 (-541-

47)

LRT + chemotherapy 4235 (3935–

4535)

1048 (996–

1100)

3368 (3179–

3558)

1570 (1335–

1806)

862 (789–936) 3872 (3610–

4135)

2665 (2288–

3041)

186 (99–273) -504 (-818—

189)

LRT + others 4176 (3756–

4595)

2532 (2407–

2658)

4604 (4356–

4851)

1520 (1236–

1803)

973 (888–

1058)

4272 (4009–

4534)

2656 (2171–

3141)

1559 (1409–

1710)

332 (-22-685)

TACE only 4222 (4122–

4321)

1550 (1515–

1585)

3935 (3857–

4012)

1815 (1729–

1902)

1052 (1023–

1081)

4065 (3971–

4159)

2406 (2278–

2534)

498 (453–543) -130 (-248—

13)

TACE + chemotherapy 4333 (4040–

4625)

2106 (2011–

2202)

3964 (3816–

4111)

2235 (1933–

2538)

1130 (1056–

1204)

3993 (3820–

4167)

2098 (1689–

2506)

976 (857–

1096)

-30 (-253-

194)

TACE + chemotherapy

+ sorafenib

4144 (3667–

4622)

3219 (3062–

3376)

4357 (4141–

4574)

1537 (1198–

1877)

767 (673–861) 4313 (3958–

4668)

2607 (2050–

3164)

2452 (2276–

2628)

45 (-373-462)

TAE only 5232 (4504–

5961)

778 (681–876) 5782 (5407–

6157)

2177 (1641–

2714)

931 (809–

1052)

4035 (3735–

4336)

3055 (2216–

3894)

-152 (-306-1) 1747 (1277–

2216)

TAE + chemotherapy 4899 (3781–

6017)

1050 (892–

1209)

4311 (3966–

4656)

2108 (1511–

2705)

968 (750–

1185)

3613 (3296–

3931)

2791 (1589–

3994)

83 (-182-347) 698 (236–

1159)

Sorafenib only 4282 (4003–

4560)

1312 (1230–

1394)

4290 (4174–

4406)

1324 (1000–

1648)

572 (521–624) 4208 (4041–

4375)

2958 (2537–

3378)

740 (644–835) 82 (-118-282)

Sorafenib

+ chemotherapy

4373 (4096–

4649)

1648 (1575–

1721)

4348 (4241–

4456)

1742 (1509–

1975)

698 (647–749) 3938 (3796–

4080)

2631 (2269–

2993)

950 (864–

1037)

410 (233–

588)

Others 4638 (4545–

4731)

1011 (999–

1023)

4072 (4031–

4113)

1775 (1713–

1836)

802 (790–813) 3948 (3903–

3993)

2863 (2755–

2972)

209 (193–225) 124 (65–183)

Total 5057 (5003–

5110)

1175 (1166–

1184)

4214 (4182–

4247)

1703 (1671–

1736)

870 (863–878) 4006 (3973–

4040)

3353 (3292–

3414)

305 (294–316) 208 (163–

253)

Values are presented as mean USD [95% confidence intervals].

LRT, locoregional therapy; TACE, transcatheter arterial chemoembolization; TAE, transarterial embolization.

https://doi.org/10.1371/journal.pone.0237316.t003
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Table 4. Mean net healthcare expenditures associated with hepatocellular carcinoma estimated using the fixed-effects analysis.

Incidence Cohort Death Cohort

Reference Expenditure Net Expenditure Reference Expenditure Net Expenditure

Pre-HCC Initial Continue Pre-HCC Terminal

Surgical resection only 649 (640–658) 5,889 (5,846–5,932) 17 (-5-40) 435 (416–455) 4,744 (4,651–4,836)

Surgical resection + LRT 607 (543–671) 5,244 (4,908–5,581) 545 (357–733) 555 (422–688) 4,786 (4,176–5,397)

Surgical resection + TACE/TAE 699 (660–738) 5,343 (5,138–5,549) 413 (302–525) 372 (315–430) 4,361 (4,079–4,643)

Surgical resection + others 635 (607–663) 6,436 (6,308–6,565) 546 (479–613) 367 (341–392) 4,761 (4,637–4,885)

LRT only 775 (764–785) 1,601 (1,547–1,655) 237 (208–266) 577 (562–592) 2,311 (2,246–2,377)

LRT+TACE/TAE 741 (724–757) 2,881 (2,791–2,972) 310 (258–361) 571 (546–596) 2,244 (2,132–2,357)

LRT + chemotherapy 601 (571–631) 2,982 (2,847–3,116) 308 (239–378) 435 (411–458) 2,076 (1,975–2,177)

LRT + others 705 (664–747) 2,763 (2,551–2,974) 1,357 (1,237–1,477) 489 (459–519) 3,317 (3,188–3,447)

TACE only 747 (738–755) 2,658 (2,608–2,709) 274 (244–304) 458 (450–465) 2,689 (2,652–2,725)

TACE + chemotherapy 615 (587–644) 2,897 (2,747–3,047) 1,113 (1,027–1,198) 390 (372–408) 2,898 (2,816–2,980)

TACE + chemotherapy + sorafenib 602 (547–657) 2,854 (2,588–3,119) 2,040 (1,884–2,195) 365 (334–397) 3,245 (3,107–3,382)

TAE only 596 (555–637) 4,016 (3,792–4,240) -75 (-204-54) 352 (336–369) 4,476 (4,370–4,583)

TAE + chemotherapy 377 (308–446) 3,769 (3,412–4,125) 685 (495–875) 322 (296–348) 3,051 (2,915–3,187)

Sorafenib only 547 (518–576) 2,617 (2,460–2,775) 775 (687–864) 241 (232–250) 3,113 (3,063–3,162)

Sorafenib + chemotherapy 379 (355–403) 2,860 (2,740–2,979) 1,036 (967–1,104) 271 (259–282) 3,125 (3,067–3,184)

Others 542 (535–550) 3,270 (3,235–3,305) 338 (320–355) 311 (307–314) 2,870 (2,852–2,888)

Total 646 (642–650) 3,684 (3,664–3,704) 285 (274–295) 351 (348–354) 3,026 (3,012–3,040)

Values are presented as mean USD [95% confidence intervals].

LRT, locoregional therapy; TACE, transcatheter arterial chemoembolization; TAE, transarterial embolization.

https://doi.org/10.1371/journal.pone.0237316.t004

Table 5. Differences in healthcare expenditure estimates between the matched comparison and fixed-effects analysis.

Proportional difference Absolute Difference

Treatment Initial Continuing Terminal Initial Continuing Terminal

Surgical resection only 5.7% -379.1% 68.7% 334 -66 3,260

Surgical resection + LRT 9.6% 39.4% 25.4% 504 215 1,216

Surgical resection + TACE/TAE 1.7% -90.0% 66.8% 93 -372 2,915

Surgical resection + others 4.0% -15.1% 62.1% 255 -83 2,955

LRT only 16.9% -72.0% 119.4% 271 -171 2,759

LRT+TACE/TAE 5.6% -91.9% 111.0% 162 -285 2,491

LRT + chemotherapy 10.6% 39.8% 124.3% 317 123 2,580

LRT + others 3.9% -14.9% 90.0% 106 -202 2,986

TACE only 9.5% -81.8% 104.8% 252 -224 2,819

TACE + chemotherapy 27.6% 12.3% 101.0% 800 136 2,928

TACE + chemotherapy + sorafenib 8.7% -20.2% 98.6% 247 -412 3,200

TAE only 23.9% -103.0% 61.0% 961 77 2,730

TAE + chemotherapy 25.9% 87.9% 77.1% 977 603 2,353

Sorafenib only -13.0% 4.6% 97.4% -340 36 3,030

Sorafenib + chemotherapy 8.0% 8.2% 86.9% 229 85 2,715

Others 12.4% 38.0% 95.7% 406 128 2,746

Total 9.0% -7.0% 93.1% 330 -20 2,818

Values are presented as the estimates of the matched comparison relative to the estimates of the fixed-effects analysis. LRT, locoregional therapy; TACE, transcatheter

arterial chemoembolization; TAE, transarterial embolization.

https://doi.org/10.1371/journal.pone.0237316.t005
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analysis produced similar estimates in the initial and continuing phases across all treatment

types. Because matched comparisons require a sample of control patients and numerous vari-

ables for matching, this approach benefits from a relatively large database. In contrast, the use

of longitudinal data in the fixed-effects analysis eliminates the need for separate controls and

matching variables. However, there were large differences in terminal phase estimates between

the 2 methods. The fixed-effects approach compares expenditures in the same patients before

and after HCC onset, and therefore cannot accurately provide insight into the expenses

incurred during the terminal phase under conditions where HCC had not occurred. Because

the majority of patients experience an increase in healthcare expenditures during end-of-life

care, the matched comparison approach is more appropriate for this phase.

Although many previous studies have used matched comparisons to estimate HCC-associ-

ated healthcare expenditures [4,19,20,23,25–28], there has been a recent increase in studies

that use regression models to compare HCC and non-HCC patients [24,29,30]. In an analysis

of SEER-Medicare linked data using a 2-part model, Rein et al. estimated that HCC patients

had additional expenditures of $2,917 PPPM compared to HCV patients [29]. Lang et al. esti-

mated HCC-associated expenditures to be $2,446 PPPM using the same data source [4]. Men-

zin et al. estimated that HCC patients had additional expenditures of $2,297 PPPM compared

to HCV patients in a matched comparison using a Florida-based Medicaid claims database

[27]. In contrast, McAdam-Marx et al. and White et al. reported that HCC is associated with

minimum additional expenditures of $3,639 and $7,265, respectively, when compared with

non-HCC patients [26,28]; these estimates were markedly higher than those reported in Rein

et al. and Menzin et al. [27,29]. The differences may be due to the limitation of the control

groups in Rein et al. and Menzin et al. to HCV patients, who would have more severe disease

conditions and higher expenditures than general non-HCC patients.

Our analysis estimated HCC-associated healthcare expenditures according to treatment

type and disease phase, which was similar to the approach by Thein et al. [19]. In their Can-

ada-based study, they conducted analyses on 2,320 patients in the initial phase, 1,478 patients

in the continuing phase, and 1,103 patients in the terminal phase. They reported that HCC was

associated with additional healthcare expenditure PPPM of $3,204 in the initial phase, $2,055

in the continuing phase, and $7,776 in the terminal phase [19]. In contrast, our study was con-

ducted using a substantially larger sample of 14,923 patients in the initial phase, 13,638 patients

in the continuing phase, and 15,968 patients in the terminal phase. Using the matched com-

parison approach, we estimated that HCC was associated with additional healthcare expendi-

ture PPPM of $3,353 in the initial phase, $305 in the continuing phase, and $208 in the

terminal phase. With the exception of the initial phase, our estimates were markedly different

with those of Thein et al. [19]. A possible reason is that liver transplantations are conducted

with very low frequency in Japan, and our estimates did not include these costly procedures.

The disparities may also be attributable to inherent differences between the healthcare systems

of Japan and Canada.

During the continuing phase, HCC patients who had undergone TAE only had a lower

mean expenditure than non-HCC patients (as evidenced by the negative net expenditure) in

the fixed-effects analysis. There were only 61 eligible patients in the TAE only group during

this phase, many of whom did not incur high expenditures. This small sample size may have

influenced the relatively low expenditures. Similarly, the matched comparison approach

showed negative net expenditures for several treatments in the terminal phase. During that

phase, the non-HCC patients may have developed other conditions that required high expen-

ditures, which would have contributed to these observations.

This study has several limitations. First, our database did not include information on cancer

staging. Few studies have estimated HCC-associated healthcare expenditures according to
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stage [4,28]. By analyzing SEER-Medicare linked data, White et al. found that expenditures

increased with advancing stage, with additional expenditures of $7,265 for localized HCC,

$8,072 for regional HCC, and $9,585 for distant HCC [28]. Stage-specific costing parameters

are needed for studies on the cost-effectiveness of treatments (e.g., anticancer agents) in each

disease stage. In contrast, estimates based on overall costing parameters, such as those pro-

vided in this study, are likely to be adequate for general budget impact analyses or cost-effec-

tiveness analyses aimed at reducing HCC incidence. Second, our subjects were limited to new

cases of primary HCC. Because HCC can reoccur after treatment, our estimates do not neces-

sarily represent real-world scenarios. However, if recurrent HCC cases were included in the

analysis, the initial phase of the recurrent HCC would overlap with the continuing phase of the

initial HCC, resulting in an overestimation of expenditures in the continuing phase. Our study

therefore focused only on new cases of HCC to remove this form of bias. Nevertheless, recur-

rence is a key stage of cancer progression, and analyses that aim to quantify all HCC-associated

expenditures should consider the inclusion of additional costs incurred by recurrent cases.

Third, the matched cases in our analysis had generally higher disease severity than the

unmatched cases across the disease phases. Therefore, our estimates may be biased toward

more severe cases. Fourth, our study was limited to HCC patients, and the findings are there-

fore not generalizable to other diseases. However, our study examined 15 treatment combina-

tions for HCC patients and produced estimates according to disease phase. This approach

therefore covers a wide variety of treatments and disease conditions. Nevertheless, future stud-

ies should also be conducted on chronic diseases such as diabetes and hypertension.

Conclusion

The matched comparison and fixed-effects analysis produced similar estimates of HCC-associ-

ated healthcare expenditures in the initial and continuing phases, suggesting that either

method can be used for these phases depending on data type and availability. However, the

estimates diverged substantially in the terminal phase between the methods, and these expen-

ditures should be calculated using matched comparisons.
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